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$(\square +m_{i}^{2}\dot{)}u_{i}=F_{i}(u, \partial u)$ , $t>0,$ $x\in \mathrm{R}^{n}$ ,
$(u_{i}, \partial u_{i})|_{t=0}=(_{\acute{\mathrm{C}}}f_{i}, \epsilon g_{i})$ , $i=1,$ $\cdots,$ $N$
. , $\epsilon>0$ , $f_{i},$ $g_{i}\in S(\mathrm{R}^{n})$ (Schwartz class), $m_{i}$
, $u=(u_{i})_{1\leq i\leq N},$ $\partial u$. $=(.\partial_{a}u_{i}.)_{1\leq j\leq N;0\leq a\leq n},$ $\partial=(.\partial_{a})_{a=0,1,\cdots,n}=(\frac{\partial}{\partial t}, \frac{\partial}{\partial x_{1}}, \cdots, \frac{\partial}{\partial \mathrm{r}_{n}})$,
$\square =\partial_{0}^{2}-\sum_{i=1}^{n}$. $j2$ . , $F_{i}$ $0\sim$ , $\cdot\partial\tau\iota$ ) $p$ 1
($p\geq 2$ , ). ,
.
, $F=(F_{i})_{1\leq i\leq N}$
$tarrow\infty$ . ,
$f_{i},$ $g_{i}\in S(\mathrm{R}^{n})$ , $F$
:
(G) $\exists_{\mathrm{c},\llcorner 0}>0\mathrm{s}.\mathrm{t}$ . $\epsilon\leq\epsilon_{0}\Rightarrow\exists,1u\mathrm{s}\mathrm{o}1$. of (NLKG) in $C^{\infty}([0,\infty[\mathrm{x}\mathrm{R}^{n})$ .
(L) $\exists U=(U\dot{.}(t,x))_{1\leq i\leq N}$ satisping $\{$
$(\square +m_{i}^{2})U_{i}=0$ $t>0$ ,
$(U,\cdot\partial_{t}U)|_{t=0}\in H^{1}\mathrm{x}L^{2}(\mathrm{R}^{n}),$ $i=1,$ $\cdots,$ $N$
$\mathrm{s}.\mathrm{t}$ . $||u(t)-U(t)||_{E}arrow 0$ as $tarrow\infty$ .
, $v=(v:(t, x))_{1\leq:\leq N}$ [ $||v(t)||_{E}^{2}:=. \sum_{*=1}^{N}\int\{(\partial_{t}v:)^{2}+|\nabla_{x}v_{i}|^{2}+m_{i}^{2}v_{-}^{2}\}dx$ . $H^{1}(\mathrm{R}^{n})$ {
Sobolev . , (L)
.
1 , . $F_{\dot{*}}$










Ll $p>1+ \frac{2}{n}$ , (NLKG) (G) (L) .
$p>1+ \frac{2}{n}$ ,
$\int_{0}^{\infty}(1+t)^{-_{2}^{\underline{n(}\mapsto-1)}}dt$ .





$p=1+ \frac{2}{n}$ , $(n,p)=(2,2)$ $(1, 3)$ ,




$u_{tt}-u_{xx}+u=u_{t}^{2}u_{x}$ ! ( (G) $\mathrm{A}\mathrm{a}$ ( $[5$ , Proposition 788] ).
, Georgiev-Yordanov [4] 1 , Sine-Gordon $u_{tt}-u_{xx}+\sin u=0$ (i.e.
$F(u)=u-\sin$ $u= \frac{1}{6}u^{3}+O(u^{4}))$ & (G) (L) .
,
. ([2] [6] [9] .
. 3 ) , , 2
2 ,







, Shatah [12] normal form method
. ,




([12], [ ], [10], [9]etc.). $|_{\vee}$ [6], [14] , 3
, ,
Shatab ,




, . , .
Ll $p$ $F=(F_{i})_{i=1,\cdots,N}$ , $F$ non-resonance
:
$p=3$
$F_{i}(u, \partial u)=$ $\sum$ $\sum’$ $(\partial^{\alpha}uj)(\partial^{\beta}u_{k})(\partial^{\gamma}u\iota)$ ,
$(j,k,l)\# i|\alpha|,|\beta|,|\gamma|\leq 1$
$p=2$
$F_{i}.(u, \partial u)=\sum_{(j,k)\#\mathrm{i}}.\sum_{|\alpha|,|\beta|\leq 1}$
’
(\partial 0\sim ) $(\partial^{\beta}u_{k}.)$ .
$\#$ $\sum^{l}$ ( ).
. $\{m_{i}\}_{1\leq i\leq N}$ , $i,$ $j,$ $k,$ $l\in\{1, \cdots, N\}$
$m:-(\kappa_{1}m_{j}+\kappa_{2}m_{k}$. $+\kappa_{3}m_{l})\neq 0$ for all $t_{\acute{\mathrm{b}}}1,$ $l_{\acute{\mathrm{U}}}2,$ $\hslash 3\in\{\pm 1\}$
$(j, k, l)\# i$ . ,
$m_{j}$. $-(\kappa_{1}m_{j}+\kappa_{2}m_{k})\neq 0$ for all $\kappa_{1},$ $\kappa_{2}..\in\{\pm 1\}$
$(j, k)\# i$ .
. $c_{\lambda}\in \mathrm{R}$




L2 $p=1+ \frac{2}{n}$ , $(n,p)=(1,3^{\cdot}.)$ $(’/\iota,p)=(2,2)$ . $F$
non-resonance , $(G^{1})(L)$ (N$LKG$)
.
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2 2 , Y. Tsutsumi [14]




$\{\begin{array}{l}(\square +m_{1}^{2})u_{1}=c_{\mathrm{l}}u_{2}u_{3}(\square +m_{2}^{2})u_{2}=c_{2}u_{3}u_{1}(\square +m_{3}^{2})u_{3}=c_{3}u_{\mathrm{l}}u_{2}\end{array}$
$(m_{1}\geq m_{2}\geq m_{3}>0, c_{1}, c_{2}, c_{3}\in \mathrm{R})$ , $m_{1}\neq m_{2}+m_{3}$ non-resonance.
2. 1
$\{$
$(\square +rn^{2})u=F(v, \partial v)$
$(\square +M^{2})v=G(u, \partial u)$
( $F,$ $G$ 3 ) , $(3m-\Lambda I)(m-M)(.m-3\mathbb{J}I)\neq 0$ non-resonance.







, $x_{0}:=-t$ $\Omega_{ab}:=x_{b}\partial_{a}$ -x \partial b $(0\leq a, b\leq n)$ ,
$\Gamma:=(\Gamma_{1}, \cdots, \Gamma_{K})=(\partial_{a}, \Omega_{bc} ; 0\leq a\leq n, 0\leq b<c\leq n)$, $I\acute{\mathrm{t}}=(n+1)(n+2)/2$
. ([5], [7]):
$[\square +m^{2}, \Gamma_{j}]=0$ $(7r\iota\in \mathrm{R})$
$[\Omega_{ab}, \partial_{\mathrm{C}}]=’ lb_{\mathrm{C}l}.\partial-\eta_{ca}\partial_{b}$
$[\Omega_{ab}, \Omega_{\mathrm{c}d}]=-\eta_{ac}\Omega_{bd}-\eta_{bd}\Omega_{a\mathrm{c}}+\eta_{ad}\Omega_{bc}+\eta_{bc}\Omega_{ad}$ .
$(\underline{\mathrm{B}}\text{ }[A, B]=AB-BA,$ $(\eta_{ab})_{0\leq a,b\leq n}=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(1, -1, \cdots, -1)$ . $\text{ }[=$
$Q_{ab}(f,g):=(\partial_{a}f)(\partial_{b}g)-(\partial_{b}f)(\partial_{a}g)$ , $(0\leq a,b\leq n)$ ,
$Q_{0}(f,g):=( \partial_{t}f)(\partial_{t}g)-\nabla_{x}f\cdot\nabla_{t}g=\sum_{a,b=0}^{n}\eta_{ab}(\partial_{a}f)(.\partial_{b}g)$
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$+\eta_{a\mathrm{c}}Q_{bd}(f,g)+\eta_{bd}Q_{ac}(f, g)-\eta_{ad}Q_{bc}(f, g)-\eta_{bc}Q_{ad}(f, g)$
, .
2.I
$\Gamma^{\alpha}Q_{ab}(f,g)=\sum_{c,d=0}^{n}\sum_{|\beta|+|\gamma|\leq|\alpha|}Q_{\mathrm{c}d}$ ($\Gamma^{\beta}f/$, I $\gamma g$),
$|Q_{ub}(f, g)| \leq\frac{C}{(1+t+|x|)}\sum_{|\alpha|\leq 1}(|\Gamma^{\alpha}f||\partial g|+|\partial f||\Gamma^{\alpha}g|)$ .
$C$ $(t, x)$ . , $\alpha=(\alpha_{1}, \cdots, \alpha_{K})$ $\Gamma^{\alpha}=$
$\Gamma_{1}^{\alpha_{1}}\cdots\Gamma_{R’}^{\alpha_{K}},$ $|\alpha|=\alpha_{1}+\cdots+\alpha_{K}$ . ( , )
, $Q_{ab}$ Klein-Gordon $(\square +m^{2})$ 2





2.1 $u$ (NLKG) , 3 $F$ non-resonance ,
:
$F_{i}(u, \partial u)=(\square +m_{i}^{2})\Phi_{j}+\Psi_{i}+R_{i}$ ,
,
$\Phi_{i}$ $\partial^{\alpha}u_{i}(|\alpha|\leq 2,1\leq j\leq N)$ 3 ,
$R_{*}$. $\partial^{\alpha}u_{i}(|\alpha|\leq 3,1\leq j\leq N)$ 5 ,
$\Psi_{:}$
$. \sum_{j.k_{7}\iota=1}^{N}\sum_{u,b=0}^{n}\sum(\partial^{\alpha}\cdot u_{j})Qab(\partial’’\cdot u_{h}\sim., \partial^{1}u\iota)|a|,\mathrm{i}\theta|,|\gamma|\leq 2$
’
, $Q_{ab}$ null form .
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$\mathrm{L}\Phi_{i}$ strong null conctition (see[3], [6], [14]).
2. , $F$ non-resollance , (N$LKG$)
$(\square +m_{i}^{2})(.\iota\iota_{i}-\Phi_{i})=\Psi_{i}+R_{i}$
. . ( Katayama [6], Kosecki [8],
Tsutsumi[14] )
, 2.1 . 2 . , $\mu_{j}(j=0,1,2,3)$
, $v_{j}(i=1,2,3)$ $(t, x)\in \mathrm{R}^{1+n}$ .




$\Phi=$ $\sum’$ $(\partial^{\alpha}v_{1})(\partial^{\beta}v_{2})(\partial^{\gamma}v_{3})$ ,
$|\alpha|,|\beta|,|-’|\leq 1$




\sigma \in s3|\mbox{\boldmath $\alpha$} \beta |,|\gamma | $\leq 1$
$+ \sum_{\sigma\in S_{3}}\sigma[/v_{1}\{(\square +\mu_{2}^{2})v_{2}\}\{(\square +\mu_{3}^{2})v_{3}\}]$ .
$\ovalbox{\tt\small REJECT}$
$\sigma=(\begin{array}{lll}1 2 3\sigma_{1} \sigma_{2} \sigma_{3}\end{array})\in S_{3}$ [ $\sigma[\varphi(v_{1}, v_{2}, v_{3})]=\varphi(v_{\sigma_{1}}, v_{\sigma_{2}}, v_{\sigma_{3}})$
.
2.3 $Q_{0},$ $Q_{ab}$ null fonn
$\psi_{0}:=v_{1}v_{2}v_{3},$ $\psi_{1}:=v_{1}Q_{0}(v_{2}, v_{3}),$ $\psi_{2}:=\prime v_{2}Q_{0}(\cdot v_{3}, \prime v_{1}),$ $\psi_{3}:=v_{3}Q_{0}(v_{1}, v_{2})$
,
$\det A=\prod_{\kappa_{1,}\kappa_{2},\kappa_{3}\in\{\pm 1\}}(\mu_{0}-\sum_{j=1}^{3}\kappa_{j}\mu_{j\prime})$
$A=(a_{ij})_{0\leq i,j\leq 3}$ ,
$(*)$ $( \square +\mu_{0}^{2})\psi_{j}=\sum_{i=0}^{3}a_{ij}\psi_{i}+r_{j}$ , $r_{j}.\in \mathcal{R}$
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$(j=0,1,2,3)$ . $\mathcal{P}\backslash$
$\sigma[(\partial^{\alpha}\mathrm{c}_{1}’)(\partial^{\beta},v_{2})(\square +\mu_{3}^{2})\partial^{\gamma}.v_{3}]$ , $\sigma[v_{1}\{(\square +\mu_{2}^{2}’)_{1’2}\}\{(\square +\mu_{3}^{2}.\cdot)v_{3}\}]$ ,
$\sigma[(\partial^{\alpha}v_{1})Q_{ab}(\partial^{\beta}v_{2}, \partial^{\gamma}v_{3})]$
$(\sigma\in S_{3}, |\alpha|, |\beta|, |\gamma|\leq 1,0\leq a, b\leq n)$
.
22 2.1 . , 22 23 .
, $\mu_{0}-(\kappa_{1}\mu_{1}+\kappa_{2}\mu_{2}+\kappa_{3}\mu_{3})\neq 0$ $\det A\neq 0$ 1 ,
$(\begin{array}{l}b_{0}b_{1}b_{2}b_{3}\end{array})=_{\wedge}4^{-1}(\begin{array}{l}1000\end{array})$
, 23
$’ \{l\prime 0=.\sum_{*,j=0}^{3}a_{ij}b_{j}\psi_{i}=(\square +\mu_{0}^{2})(\sum_{j=0}^{3}b_{j}\psi_{j})-\sum_{j=0}^{3}b_{j}r_{j}$
. , 2.1 23 .
. , $a_{ij}(0\leq i,j\leq 3)$ $(*)$
. $(*)_{j=0}$ ,
$(\square +\mu_{0}^{2})(v_{1}v_{2}v_{3})=\mu^{2}v_{1}v_{2}v_{3}+v_{1}v_{2}\square .v_{3}+v_{2}v_{3}\square v_{1}+v_{3}v_{1}\square v_{2}$
$+2v_{1}Q_{0}(v_{2}, v_{3})+2v_{2}Q_{0}(v_{3}, v_{1})+2v_{3}Q_{0}(v_{1}, v_{2})$
$=(\mu_{0}^{2}. -\mu_{1}^{2}-\mu_{2}^{2}.-\mu^{\frac{7}{3}}.)v_{1}v_{2}v_{3}+2\psi_{1}+\underline{?}l\psi_{2}+2\psi_{3}$
$+v_{1}v_{2}(\square +\mu_{3}^{2})v_{3}+v_{2}v_{3}(\square +\mu_{1}^{2})v_{1}+v_{3}v_{1}(\square +\mu_{2}^{2})v_{2}$
$\equiv(\mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}-\mu_{3}^{2})\psi_{0}+2\psi_{1}+2\psi_{2}+2\psi_{3}$ $(\mathrm{m}\mathrm{o}\mathrm{d} \mathcal{R})$ .
$(*)_{j=1}$ ,
$(\square +\mu_{0}^{2})\{v_{1}Q_{0}(v_{2}, v_{3})\}$
$=\mu_{0}^{2}v_{1}Q_{0}(v_{2}, v_{3})+(\square v_{1})Q_{0}(v_{2}, v_{3})+v_{1}Q_{0}(\square v_{2}, v_{3})+v_{1}Q_{0}(v_{2}, \square v_{3})$
$+2 \sum_{a,b=0}^{n},lab(\partial_{a}v_{1})Q\mathrm{o}(\partial_{b}v_{2}, v_{3})+2\sum_{a,b=0}^{n}\eta_{ab}v_{1}Q_{0}(\partial_{a}v_{2}, \partial_{b}v_{3})+2\sum_{a,b=0}^{n}\eta_{ab}(\partial_{b}v_{1})Q\mathrm{o}(v_{2},\partial_{a}v_{3})$
,
$(.\partial_{a}v_{1})(\partial_{c}\partial_{b}v_{2})(.\partial_{d^{2}3},)=\acute{\mathrm{t}}.\partial_{u}\partial_{b}\iota_{2}.)$ ( $*\iota.\iota_{3}’$ ) ( $\mathrm{C}^{\cdot}v_{1}$ ) $+(.\partial dv_{3})Q_{ac}(v_{1},\cdot\partial_{b}v_{2})$ ,
$.\mathrm{t}_{1}’(.\cdot\partial_{\iota}.\partial_{u}\cdot\iota_{-}’\cdot,)(.\partial_{d}^{-}.\partial_{b}\cdot v_{3})=v_{1}(\partial_{a}.\partial_{b}v_{2})(.\partial_{c}\partial_{d}v_{3}.)+v_{1}Q_{cb}(\partial_{a}v_{2}, \partial_{d}v_{3})$ ,
$(\partial_{b}v_{1})(\partial_{c}v_{2})(\partial_{d}\partial_{a}v_{3})$ $=(\partial_{a}\partial_{b}v_{3})(\partial_{d}v_{1})(\partial_{c}v_{2})+(\partial_{c}v_{2})Q_{db}(\partial_{a}v_{3},v_{1})$
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$f^{\underline{arrow}\backslash }\mathrm{f}\grave{\grave{\mathrm{f}}}$ \Xi -f&
$\sum_{a_{1}b=0}^{r\mathrm{z}}\eta_{ab}(\partial_{a1}t’)Q_{0}(.\partial_{b}v_{2}, \cdot v_{3})=\sum_{u,b,c,d=0}^{n}\eta_{ab}\eta_{cd}(\partial_{a}v_{1})_{1}^{/}\partial_{c}\partial_{b}v_{2})(\partial_{d}\cdot v_{3})$




$=v_{1}( \square v_{2})(\square v_{3})+\sum_{a,b,c,d=0}^{n}\eta_{ab}\eta_{\mathrm{c}d}v_{1}Q_{cb}(\partial_{a}v_{2}, \partial_{d}v_{3})$
$\equiv\iota_{1}’\{-\mu_{2}^{2}v_{2}+(\square +\mu_{12}^{2})v_{2}\}\{-\mu_{3}^{2}v_{3}+(\square +\mu_{3}^{2})v_{3}\}$
$\equiv\mu_{2}^{2}\mu_{3}^{2}\psi_{0}$ ,
$\sum_{a,b=0}^{n}\eta_{ab}(\partial_{b}v_{1})Q_{0}(v_{2}, \partial_{a}v_{3})=\sum_{a,b,\mathrm{c},d=0}^{n}$ \eta ab\eta d $(\partial_{b}v_{1})(\partial_{c}v_{2})(\partial_{d}\partial_{a}v_{3})$
$=( \square v_{3})Q_{0}(v_{1}, v_{2}.)+\sum_{a,b,c,d=0}^{n}\eta_{ab}\eta_{\mathrm{C}}d(\partial_{c}v_{2})Q_{db}(\partial_{a}v_{3}, \prime v_{1})$
$\equiv-\mu_{3}^{2}\psi_{3}$
, $\mathcal{R}$ .
$(\square +\mu_{0}^{2})\psi_{1}\equiv 2\mu_{2}^{2}.\mu_{3}^{2}\psi_{0}+(\mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}-\mu_{3}^{2})\psi_{1}-2\mu_{2}^{2}.\psi_{2}-2\mu_{3}^{2}\psi_{3}$’ $(\mathrm{m}\mathrm{o}\mathrm{d} \mathcal{R})$
, $(*)_{j=1}$ . $(*)_{j=2}$ $(*)_{j=3}$ $(1, 2, 3)arrow(2,3,1)arrow$
$(3,1,2)$ .
, $(a_{ij})0\leq i,j\leq \mathrm{a}=:A$ . $A$
$(\begin{array}{llll}\mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}-\mu_{3}^{2} 2\mu_{2}^{2}.\mu_{3}^{2} 2\mu_{3}^{2}.\mu_{1}^{2} 2\mu_{1}^{2}\mu_{2}^{2}2 \mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}-\mu_{3}^{2} -2\mu_{1}^{2} -2\mu_{1}^{2}2 -2\mu_{2}^{2} \mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}-\mu_{3}^{2} -2\mu_{2}^{2}2 -2\mu_{3}^{2} -2\mu_{3}^{2} \mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}-\mu_{3}^{2}\end{array})$
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$\geq \mathrm{g}\mathrm{g}no$ $\hslash^{\}}\mathrm{b}$ ,
$B=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(1, -\mu_{2}\mu_{3}, -\mu_{3}\mu_{1}, -\mu_{1}\mu_{2})$ ,
$P=(\begin{array}{ll}\mu_{0}^{2}-\mu_{1}^{2}-\mu_{2}^{2}.-\mu_{3}^{2} -2\mu_{\downarrow 2}\mu_{3}-2\mu_{2}\mu_{3} \mu_{0}^{2}-\mu_{1}^{2}-\mu_{\downarrow 2}^{2}-\mu_{3}^{2}\end{array})$ ,
$Q=(\begin{array}{ll}-2\mu_{3}\mu_{1} -2\mu_{1}\mu_{2}-2\mu_{1}\mu_{2} -2\mu_{3}\mu_{\mathrm{l}}\end{array})$
, $A=B^{-1}(\begin{array}{ll}P QQ P\end{array})B$ .
$\det A=\det(P+Q)\det(P-Q)=\prod_{\kappa_{1},\kappa_{2},\kappa_{3}\in\{\pm 1\}}(\mu_{0}-\sum_{j=1}^{3}\kappa_{j}\mu_{j})$ .
( )
2.3
, 1 . $v(t, x)$ $s$
$|v(t, x)|_{s}:= \sum_{|\alpha|\leq\epsilon}|\Gamma^{\alpha}v(t, x)|$
,
.
$|| \cdot v(t, \cdot)||_{\mathrm{s}}:=\sum_{|\alpha|\leq s}||\Gamma^{\alpha}v(t, \cdot)||_{L^{2}}$
,
$| \mathrm{N}v||_{\rho,s},\tau:=\sup_{0<t<T}[||u(t, \cdot)||_{s+5}+||\partial u(t, \cdot)||_{s+5}$
-
$+(1+t)^{-}’(||u(t, \cdot)||_{s+7}+||\partial u(t, \cdot)||_{\epsilon+7})$
$+ \sup_{x\in \mathrm{R}}\{(1+t+|x|)^{1/2}|u(t, x)|_{\epsilon}\}]$
. .
2.4 $\rho\in$ ] $0,$ $\frac{1}{2}[fs\geq 10$ . , $u$ $0\leq t\leq T$ (N$LKG$) , $F$ 3
non-resonance . , T 6 $C_{\mathit{0},\epsilon}$. ,




. $\mathrm{t}$‘continuous induction argument” ([5]
) . , $c$. $|||u[|_{\rho_{)}\epsilon,T}$
,
. . , ,
$C$ . , $\#|u\#|_{p,s,\infty}\leq\grave{\delta}(\leq 1)$ . 2.1 , $u$
$(\square +m_{i}^{2})(u_{i}-\Phi_{i})=\Psi_{j}+R_{j}$
, , $L^{1}(0, \infty;L^{2}(\mathrm{R}))$ . , $\Psi_{i},$ $R_{i}$.
$| \Psi_{i}(t, x)|\leq\frac{C}{1+t+|\prime x|}(|u(t,x)|_{2}+|\partial u(t,x)|_{2})|u(t, x)|_{3}^{2}$ ,
$|R_{j}(t, x)|\leq C(|\prime u.(t, x)|_{2}+|\partial u(t, x.)|_{2})|u(t., x)|_{3}^{4}$
,
$||\Psi_{*}.(t, \cdot)+R_{i}(t, \cdot)||_{L^{2}}$
$\leq\frac{C}{(1+t)^{2}}(||u(t, \cdot)||_{2}+||\partial u(t, \cdot)||_{2})\sup_{(\sigma,y)\in[0,t[\mathrm{x}\mathrm{R}}((1+\sigma+|y|)^{1/2}|u(\sigma, y)|_{3})^{2}$
$+ \frac{C}{(1+t)^{2}}(||u(t, \cdot)||_{2}+||\partial \mathrm{z}\iota(t, \cdot)||_{2})\sup_{\sigma(,y)\in[0,\tau[\mathrm{x}\mathrm{R}}((1+\sigma+|y|)^{1/2}|u(\sigma, y)|_{3})^{4}$
$\leq C\delta^{3}(1+t)^{-2}$ $\in L^{1}(0, \infty)$ .
, $(\square +m^{2}\dot{.})U_{j}=0$
$||\{u(t)-\Phi(t)\}-U(t)||_{E}arrow 0$ $\mathrm{a}_{*}\mathrm{s}tarrow\infty$
$U=(U.\cdot(t, x))_{1\leq i\leq N}$ . ,
$||\Phi(t)||_{E}\leq C(||\Phi(t, \cdot)||_{L^{\circ}}\vee\cdot+||\partial\Phi(t, \cdot)||_{L^{2}})$
$\leq C(1u(t, \cdot)||_{2}+||\partial u(t, \cdot)||_{2})|||u(t, \cdot)|_{3}||_{\tau_{\lrcorner}\infty}^{2}$
$\leq C_{s}\delta^{3}(1+t)^{-1}$
,
$||u(t)-U(t)||_{E}\leq||u(t)-\Phi(t)-U(t)||_{E}+||\Phi(t)||_{E}arrow 0$ as $tarrow\infty$ .
3
(1) non-resonanoe , (G) (L)
. , $(n,p, N)=(1,3,1)$ non-resonance
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, 23 4 $\mathrm{x}4$ $A$ . 22
, , $\mathcal{R}$ Klein-Gordon “ ”
$A$ . , non-resonance T
$\det A\neq 0$ . , $\mu_{0}=\mu_{1}=\mu_{2}=\mu_{3}=1$ ,
$A=(\begin{array}{ll}-2 2 222 -2-2-2-2-22 -?2 -2-2-2\end{array})$
, $A$ ${}^{t}(-1,1,1,1)$ $\mathrm{R}^{4}$ 1 . ,
$(**)$
$F_{1}=-uuu+uQ_{0}(u, u.)+uQ_{0}(u,$ $u\grave{)}+uQ_{0}(u, u)$ ,
$F_{2}.=-uu\partial_{1}u+uQ_{0}(u, \partial_{1}u)+uQ_{0}(\partial_{1}u, u)+(\partial_{1}u)Q_{0}(u, u)$
-2
$\sum_{0\leq a,b\leq 1}\eta_{ab}uQ_{a1}(u, \partial_{b}u)-2u(\partial_{1}u)(\square +1)u$
,
$-F_{3}=-uu.\partial_{0}u+uQ_{0}(.u, \partial_{0}u)+uQ_{0}(\partial_{0}u, u)+(\partial_{0}u)Q_{0}(u, \cdot u)$
+2
$\sum_{0\leq a,b\leq 1}\eta_{ab}uQ_{0a}(u, \partial_{b}u)-2u(\partial_{0}u)(\square +1)u$
.
(2) , 1 2 (i.e.
$p<1+ \frac{2}{n})$ . , ( )













(cf. [5, Theorem 75.2]). L , . “ 0 ”
$\{m_{i}\}$
, , .
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